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Background and purpose Type-II distal clavicle fractures accord-
ing to the Neer classification are generally operated because of the
high non-union rate after non-operative treatment. Several surgi-
cal techniques have been developed in order to reduce the non-
union rate and improve functional outcome. This meta-analysis
overviews the available surgical techniques for type-II distal cla-
vicular fractures.

Methods We searched the literature systematically. No com-
parative studies were found. 21 studies (8 prospective and 13
retrospective cohort studies) were selected for the meta-analysis.
Data were pooled for 5 surgical outcome measures: function,
time to union, time to implant removal, major complications, and
minor complications.

Results The 21 studies selected included 350 patients with
a distal clavicular fracture. Union was achieved in 98% of the
patients. Functional outcome was similar between the treatment
modalities. Hook-plate fixation was associated with an 11-fold
increased risk of major complications compared to intramed-
ullary fixation and a 24-fold increased risk compared to suture
anchoring.

Interpretation If surgical treatment of a distal clavicle fracture
is considered, a fixation procedure with a low risk of complica-
tions and a high union rate such as plate fixation or intramed-
ullary fixation should be used. The hook-plate fixation had an
increased risk of implant-related complications.

Neer type-II fractures of the distal clavicle are unstable
fractures in which the clavicle becomes separated from the
underlying coracoclavicular (CC) ligament complex without
damage to the most distal end of the clavicle and the acromio-
clavicular joint (AC joint) (Neer 1968). These fractures are
known to have a high percentage of non-union and malunion

after non-operative treatment (> 20%) (Nordqvist et al. 1997,
Robinson and Cairns 2004). Neer has already recommended
that these types of fractures should be treated operatively in
order to reduce the non-union rate (Neer 1968). The distal
clavicle may be osteosynthesised by a hook-plate or locking-
plate fixation, double-plate fixation, transacromial fixation
using Kirschner wires, cerclage wiring of the fragments,
tension-band wiring, or stabilization of the medial fragment
with coracoclavicular screws or slings. Hardware is usually
removed after 8—12 weeks when the fracture is radiographi-
cally and clinically healed to prevent acromial osteolysis or
other plate-induced complications (Bisbinas et al. 2010).
None of the fixation techniques described has been nominated
the “gold standard”; each of these treatment modalities has its
advantages and disadvantages.

This study was a meta-analysis to compare functional out-
come, union rates, and complications between the surgical
treatment strategies for Neer type-II clavicular fractures.

Material and methods

The meta-analysis was performed following the guidelines set
by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Liberati et al. 2009).

Search strategy

A systematic literature search was performed in PubMed,
EMBASE, and Web of Science. The search included key
words for fracture, clavicle, or collar bone, and lateral or distal
(Table 1, see Supplementary data). The selection was not
restricted regarding treatment modality, study design, publica-
tion language, or year of publication. Duplicate articles were
removed.
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Eligibility criteria and study selection

The title and abstract of all articles were screened to select
articles on surgical treatment of distal clavicle fractures in
human subjects. Subsequently, the full-text articles of the
selected abstracts were retrieved for detailed evaluation. All
studies that assessed surgical treatment of adult patients with
acute Neer type-II distal clavicle fractures and that provided
quantitative data on patient characteristics, surgical interven-
tion, outcomes, and complications were included in the final
selection. We excluded studies including only minors (< 16
years), studies including only patients with delayed union or
non-union, studies including acromioclavicular joint injuries
(type-III Neer classification), studies dealing with midshaft
or medial clavicle fractures, studies without any data on sur-
gical intervention and/or treatment outcomes, reviews, case
series with less than 5 patients, technical reports, and expert
opinions (level of evidence V). If selected studies included
both eligible and non-eligible patients, these studies were
only included if the data of the eligible patients could be
extracted from the article. The reference lists of the articles
were screened for potentially relevant studies that had not
been found by the initial literature search. Study selec-
tion and data extraction were carried out by 2 independent
reviewers (SAS and HN). Disagreement was resolved by
consensus.

Types of outcome measures

We compared 4 types of surgical treatment (hook-plate fixa-
tion, other types of plate fixation, intramedullary fixation with
pins/screws, and suture anchoring/tension bands) with respect
to 5 outcome variables: function as measured by the Con-
stant score, time to union in weeks, time to implant removal
in weeks, and complications (major and minor complications
separately). Union was assessed on the radiograph at the last
follow-up visit.

Assessment of study quality

2 reviewers (SAS, HN) independently assessed the method-
ological quality of each selected study by classifying the study
design, and the level of evidence using the scale introduced by
Wright et al. (2003).

Data extraction

Data were extracted from each study using a data-extraction
form. The following data were documented from each study:
study characteristics (country, period), patient numbers
(inclusion, follow-up), patient characteristics (age, sex, and
fracture type), duration of follow-up, type of surgical inter-
vention, and outcome measures (number of unions, time to
achieve union, time to implant removal, major complications,
and minor complications). For continuous outcome param-
eters, means and standard deviations were extracted. In cases
where mean outcome measures were reported without any
standard deviation, the standard deviation was estimated as

range (maximum — minimum) / 4. For dichotomous outcome
parameters, proportions and sample size were extracted.

Pooling of data across studies

Separate meta-analyses were performed for the 5 outcome
measures: functional outcome (measured with the Constant
score), time to union in weeks, time to implant removal in
weeks, and major and minor complications. Complica-
tions were classified as major (reoperation, implant failure,
refracture, acromial osteolysis, pseudarthrosis, and signs of
impingement) or minor (wound infection and skin irritation).

Data analysis

For continuous outcome data (Constant score, time to union,
time to implant removal), the standard random-effects meta-
regression model (van Houwelingen et al. 2002), with the
surgical treatment as a categorical covariate represented by
3 dummy variables, was used to estimate the mean differ-
ences in outcome between the surgical treatments with the
corresponding 95% confidence intervals (CIs). Heterogeneity
between studies was modeled by a random study effect. For
dichotomous outcomes (major and minor complications) the
ORs and corresponding CIs were calculated using a logistic
regression model with a random intercept to account for het-
erogeneity between studies (Stijnen et al. 2010). Heterogene-
ity between studies was tested by comparing a model with and
without the random study effect using the likelihood ratio test.
To test differences between treatments, first an overall test
was performed. If the overall test resulted in a small p-value
(< 0.1), differences were tested pairwise. All analyses were
performed using SAS/STAT statistical software. Any p-values
< 0.05 were considered to be statistically significant.

Results
Study selection

In the initial search, we identified 943 abstracts (Figure 1).
After removing duplicates, 504 articles remained. We selected
130 articles for detailed evaluation based on content after read-
ing the titles and abstracts. Of these 130 articles, 21 remained
after applying the inclusion and exclusion criteria (Webber
and Haines 2000, Othman 2002, Rokito et al. 2002, Fann et al.
2004, Bezer et al. 2005, Scadden and Richards 2005, Bhangal
et al. 2006, Kashii et al. 2006, Meda et al. 2006, Badhe et
al. 2007, Fazal et al. 2007, Muramatsu et al. 2007, Kalama-
ras et al. 2008, Wang and Wong 2008, Herrmann et al. 2009,
Renger et al. 2009, Shin et al. 2009, Yu et al. 2009, Jou et al.
2011, Kaipel et al. 2010, Lee et al. 2010). No randomized or
non-randomized controlled trials comparing surgical modali-
ties for distal clavicle fractures were found. Of the 21 studies
finally selected, only 1 was a retrospective case-control (level-
II) study comparing non-operative treatment to open reduc-
tion with coracoclavicular stabilization with suture bands,
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Potentially relevant
articles identified, N = 943

PubMed, n = 334
EMBASE, n = 405
Web of Science, n = 204

Excluded after
removing duplicates
n =439

Included
n =504

Excluded after
reviewing title and abstract
n =374

Included
n=130

Excluded after reviewing full-text,
n=109:

- Midshaft or medial fractures/
AC injuries, n = 6
- Non-union/delayed union, n = 12
- Missing treatment outcome, n = 32
- Casereport,n=8
- Review, n =16
- Expert/technical report, n = 11
- Pediatric report, n =9
— Other,n =15

v
Included, n = 21:

- Case-control study, n =1
- Retrospective case series, n =8
- Prospective case series, n = 20

Figure 1. Flow chart of selection of papers for the meta-analysis

whereas all other 20 articles were prospective or retrospective
case series (level-1V).

Study characteristics

All articles included were published in English. 8 studies were
conducted in Asia, 11 in Europe, 1 study in North America,
and 1 study in Australia (Table 2, see Supplementary data).
The surgical procedures described in the studies were per-
formed between 1989 and 2007. In total, 405 patients with a
distal clavicle fracture were included in the 21 selected stud-
ies. Excluded from the analysis were 13 patients with non-
union at inclusion in the study (Meda et al. 2006, Kalamaras
et al. 2008, Kaipel et al. 2010), 16 patients with non-opera-
tive treatment, 7 patients with a Neer type-III fracture (Meda
et al. 2006), 17 patients who were lost to follow-up, and 2
minors (Webber and Haines 2000, Kalamaras et al. 2008, Jou
et al. 2011), leaving the data on 350 patients for analysis. The
mean number of patients with a complete follow-up was 17
(6—44) per study. Fracture fixation was performed using hook
plates in 143 patients (Bhangal et al. 2006, Kashii et al. 2006,
Meda et al. 2006, Muramatsu et al. 2007, Renger et al. 2009,
Lee et al. 2010) (Table 2A, see Supplementary data). In the
group using different types of plate fixation, distal radial lock-

ing plates were used in 20 patients (Kalamaras et al. 2008,
Herrmann et al. 2009, Yu et al. 2009) and double plates in
9 patients (Kaipel et al. 2010) (Table 2B, see Supplementary
data). As intramedullary fixation, Knowles pins were used in
68 patients (Fann et al. 2004, Wang and Wong 2008, Jou et
al. 2011), coracoclavicular screws in 30 patients (Fazal et al.
2007), and malleolar screws in 10 patients (Scadden and Rich-
ards 2005) (Table 2C, see Supplementary data). For the group
with suture anchoring or tension bands, K-wires with suture
anchoring were used in 10 patients (Bezer et al. 2005), ten-
sion-band suturing in 43 patients (Rokito et al. 2002, Badhe et
al. 2007, Shin et al. 2009), vicryl tape in 6 patients (Othman
2002), and a Dacron arterial graft in 11 patients (Webber and
Haines 2000) (Table 2D, see Supplementary data). The stud-
ies included 238 men and 101 women and mean age was 38
(17-86) years at the time of trauma. In 1 study, sex ratio was
not reported (n = 11) (Bhangal et al. 2006).

Study quality

None of the 21 articles included pertained to a randomized
controlled trial (RCT). One retrospective case-control study
(Rokito et al. 2002) was identified, comparing suture bands
with non-operative treatment, and only the surgically treated
patients were included in the present meta-analysis. All other
studies were prospective (n = 8) or retrospective case series
(n = 12) (Webber and Haines 2000, Othman 2002, Fann et al.
2004, Bezer et al. 2005, Scadden and Richards 2005, Bhangal
et al. 2006, Kashii et al. 2006, Meda et al. 2006, Badhe et al.
2007, Fazal et al. 2007, Muramatsu et al. 2007, Kalamaras et
al. 2008, Wang and Wong 2008, Herrmann et al. 2009, Renger
et al. 2009, Shin et al. 2009, Yu et al. 2009, Jou et al. 2011,
Kaipel et al. 2010, Lee et al. 2010). The primary outcome in
all studies was the incidence of union and non-union, as deter-
mined on radiographs or by clinical evaluation (withstanding
pressure on fracture side without pain). Evaluation of the out-
come was not done blind in any of the studies.

Assessment of study quality

The studies included differed regarding the timing of radi-
ography, type of surgical treatment, duration, and follow-up
occasions. Loss to follow-up occurred in 7 studies (Fann et al.
2004, Bezer et al. 2005, Bhangal et al. 2006, Kalamaras et al.
2008, Herrmann et al. 2009, Renger et al. 2009, Kaipel et al.
2010). None of the researchers were blinded regarding evalu-
ation of the radiograph, or regarding functional outcome. No
inconsistency was found in percentage union and functional
outcome across the surgical methods. No differences in the
directness were expected in effect sizes across the studies, and
the study population, interventions, and outcome measures in
each study were comparable. Functional outcome was mea-
sured using the Constant score in 16 of the studies, the UCLA
score in 2 studies, the Oxford Shoulder Score in 1 study, the
simple shoulder test questionnaire in 1 study, and the Japanese
Orthopaedic Association score in 1 study. Since the results
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Constant score

Treatment Estimate 95% Cl P-value
Plate fixation 0.01 (-0.03-0.05) 0.7
Pins 001  (0.02-005 05
Sutures 001  (-0.02-005 05

L 4

L 4

L 4

Heterogeneity: Chi? = 52.4, Df = 13 (p<0.0001)

-0.04

-0.02 0.00 0.02 0.04 0.06

Estimated treatment difference compared to hook plate fixation

Weeks to union

Treatment Estimate 95% ClI P-value

Plate fixation -8 (-18-1) 0.1 *

Pins -10 (-19--2) 0.0 =

Sutures -7 (-16-2) 0.1 M

Heterogeneity: Chi? = 203, Df = 10 (p<0.0001) 20 15 10 5 0 5
Estimated treatment difference compared to hook plate fixation

Weeks to implant removal

Treatment Estimate 95% ClI P-value

Plate fixation 9 (-15-32) 0.5 +

Pins 2 (-14-10) 0.7 +

Heterogeneity: Ch? = 27, Df = 6 (p=0.0007) 20 -0 0 10 20 30 40

Estimated treatment difference compared to hook plate fixation

Figure 2. Mean differences in Constant scores, weeks to union, and weeks to implant removal for plate fixation,
pins, and sutures compared to hook-plate fixation. Df: degrees of freedom.

of these instruments could not be compared directly, only
the studies using the Constant score or those that could be
converted to a percentage score were included in the analy-
sis of functional outcome. There appeared to be a relationship
between age and risk of major complications. However, no
confounders were identified to influence the outcomes of each
study, because the data did not allow it.

Treatment outcomes

Function. Function according to the Constant score was
similar after hook-plate fixation and after the other surgical
approaches in general (p = 0.9) (Figure 2). All patients had
good to excellent scores in the tests for functional outcome
at final follow-up. Heterogeneity between studies was highly
significant (p < 0.001).

Union. Overall union was achieved in 342 of 350 patients
(98%). Of the 21 studies, 16 reported a union rate of 100%.
The average time to union ranged from less than 6 weeks to
more than 33 weeks (Table 2, see Supplementary data). 8 of
350 patients (2%) developed non-union (n = 6) or delayed
union (n = 2). Of those, 3 patients had been treated with a
hook plate, 2 with intramedullary fixation, and 3 with sutures.
The 2 delayed unions achieved union after 9 and 10 months.

No non-unions were found in the plate-fixation group. There
was a tendency to significant differences in time to fracture
union between treatments (overall p = 0.08). After hook-plate
fixation, it took on average 10 weeks longer to obtain frac-
ture union than with pin fixation (p = 0.02) (Figure 2). Time
to union after hook-plate fixation was not statistically signifi-
cantly different to that after plate fixation and suture fixation,
although there was a longer consolidation period after hook-
plate fixation (p = 0.07; p = 0.1). The heterogeneity between
studies was highly significant (p < 0.001).

Implant removal. The occurrence of implant removal after
hook-plate fixation was compared to that after plate fixation
and intramedullary fixation. In some studies, implant removal
was standard practice for prevention of skin irritation or pin/
screw protrusion after bony union had been achieved (Fann
et al. 2004, Bezer et al. 2005, Scadden and Richards 2005,
Bhangal et al. 2006, Kashii et al. 2006, Fazal et al. 2007, Wang
and Wong 2008, Renger et al. 2009, Jou et al. 2011, Lee et
al. 2010). In 5 other studies, the implant was only removed
if major complications occurred (Webber and Haines 2000,
Meda et al. 2006, Muramatsu et al. 2007, Herrmann et al.
2009, Kaipel et al. 2010). In the studies reporting on sutures
and tension bands, patients did not require a second operation
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Minor complications

Treatment Estimate 95% Cl P-value
Plate fixation 54 (0.2-172.4) 0.3
Pins 15 (0.1-27.2) 0.8
Sutures 1.1 (0.0-247) 1.0

Heterogeneity: Df = 19 (p=0.005)

Major complications

Q001 Q1 1 10 100

Treatment Estimate 95% Cl P-value
Plate fixation 0.08 (0.0-14) 0.1
Pins 0.09 (0.0-0.7) 0.02
Sutures 0.04 (0.0-0.5) 0.01

Heterogeneity: Df =19 (p=0.4)

>

£ 2

1000
Estimated OR compared to hook plate fixation

L 4

L 4

L 4

0.001 0.01 0.1 1 10

Estimated OR compared to hook plate fixation

Figure 3. The odds ratio for percentage of minor and major complications for plate fixation, pins, and sutures compared to

hook-plate fixation. Df: degrees of freedom; OR: odds ratio.

for removal of the implants (Othman 2002, Rokito et al. 2002,
Badhe et al. 2007, Kalamaras et al. 2008, Shin et al. 2009, Yu
et al. 2009). No statistically significant difference was found
when comparing treatment for weeks to implant removal (p =
0.7). On average, intramedullary fixation was removed earlier
(-2 weeks) than hook-plate fixation, whereas plate fixation
was left in situ longer (8.6 weeks) (Figure 2). Heterogeneity
between studies was highly significant (p < 0.001).

Complications. In all but 4 studies, complications of treat-
ment were observed (Othman 2002, Scadden and Richards
2005, Badhe et al. 2007, Yu et al. 2009). Some complications,
such as pin or screw migration, led to a second operation.
Regarding minor complications, no differences were found
between the treatment modalities (p = 0.9) (Figure 3). In con-
trast, the overall test for differences in the incidence of major
complications was statistically significant (p =0.01). Acromial
osteolysis, refracture, and implant failure occurred 11 times
more frequently after hook-plate fixation than after intramed-
ullary fixation (p = 0.02) and 24 times more frequently after
suturing (p = 0.01) (Figure 3). The number of major complica-
tions after plate fixation was not significantly different from
that after hook-plate fixation (p = 0.08). For both complica-
tion variables, significant heterogeneity between studies was
found.

Discussion

There is little evidence available for the preferred operative
treatment of distal clavicle fractures regarding radiographic
union, function, and complications associated with the treat-

ment. In general and independent of the type of fixation, in
our meta-analysis we found union rates of over 90% after
operative treatment of distal clavicle fractures. The function
outcomes ranged from good to excellent; all patients regained
full functional range of motion. Both union rate and functional
outcome were not significantly different with hook-plate fixa-
tion, plate fixation, pins, or sutures. Time to union, however,
was shortest after fixation with pins and longest after hook-
plate fixation, with only pins showing a statistically signifi-
cantly shorter time to union than with hook-plate fixation.
Weeks to implant removal were not significantly different
between the surgical treatment modalities. Hook-plate fixation
was associated with a higher risk of major complications such
as reoperation and implant failure, compared to intramedul-
lary fixation and sutures.

One systematic review of type-II distal clavicle fractures,
identifying union and complication rates according to the dif-
ferent treatment methods, has been published previously (Oh
et al. 2011). These authors found a non-union rate of 33% for
non-operative treatment, but with similar functional scores as
for the surgically treated groups in most of the studies. The
authors noted that the functional outcome after non-operative
treatment remained controversial, and that a well-designed
RCT was therefore needed. We did not include non-operative
treatment in our analysis, because only a very small number
of non-operatively treated patients were analyzed in one of the
comparative studies (Rokito et al. 2002) and no other eligible
studies with non-operatively treated patients were identified.
In accordance with our results, Oh et al. (2011) found similar
satisfactory functional outcome results for all surgical modali-
ties. The decision for surgical treatment should not be based
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on functional outcomes, because despite the high percentages
of non-union, no similar function was found for non-operative
or surgical treatment (Oh et al. 2011). The complication rate
for the non-operatively treated patients was, however, low
compared to that for the surgical group, again despite the high
non-union rate (Rokito et al. 2002, Oh et al. 2011). Non-oper-
ative treatment has been considered by some authors to be a
treatment for Neer type-II fractures (Deafenbaugh et al. 1990,
Nordqvist et al. 1993, Robinson and Cairns 2004), but these
data were not compared to an operative method.

The data we present in this meta-analysis are clinically rel-
evant. Hook-plate fixation is the most frequently used method
for fixating type-II clavicular fractures. However, although
the performance of the hook plate is comparable to that for
other surgical types of fixation, its complication rate is higher
and the fracture healing takes longer than for intramedullary
fixation. When choosing which method to use for fixation of a
type-II clavicular fracture, the benefit to the patient is the first
priority. This is mostly associated with optimal functional out-
come and a low complication risk. Merely due to the relatively
high complication risk, hook-plate fixation is therefore not the
method of choice and its use should be reserved for very spe-
cific indications, e.g. when no alternative adequate methods
are available and the operation can be performed by a surgeon
who has extensive experience with hook-plate fixation.

Limitations

Several studies (Fann et al. 2004, Bezer et al. 2005, Bhangal et
al. 2006, Kalamaras et al. 2008, Herrmann et al. 2009, Renger
et al. 2009, Kaipel et al. 2010) suffered from loss to follow-up
for different reasons, which led to incomplete data on func-
tional outcome and union and possibly gave rise to bias in
cases of selective dropout. The sample sizes in these studies
became relatively small, thus contributing to a relatively small
total sample size in this meta-analysis and possibly leading to
a lack of power.

The level of evidence in the studies was low and heteroge-
neity of the outcome parameters was high. Heterogeneity was
accounted for by using random-effects modeling. The defini-
tion, by which non-union was confirmed, was not uniform
across studies, which may affect union rates to a lesser extent.
Functional outcomes were defined using different methods,
and they were therefore difficult to compare. This was solved
by selecting only the studies that provided Constant scores—
or those convertible to percentages comparable with the Con-
stant score—for data analysis. Heterogeneity between the
studies was high. In this meta-analysis, we applied correction
for heterogeneity. A well-designed RCT comparing operative
treatment and non-operative treatment or another operative
method should bypass these kinds of flaws.

In conclusion, if surgical treatment of a distal clavicle frac-
ture is indicated, a fixation procedure with a low risk of com-
plications and a high union rate should be used. The number
and severity of hook plate-related complications seems to dis-

qualify this implant. However, due to the limited quality of the
studies included and the relatively small number of patients
involved, no definite conclusion can be drawn regarding the
most preferred treatment. Evidence from RCTs is lacking.

Supplementary data

Tables 1 and 2 are available at Acta’s website (www.actaor-
thop.org), identification number 5705.

SAS, HN, PK, and IS designed the study protocol. SAS and HN selected the
articles and gathered the data. Statistical analysis was performed by KHJH
and TS. All the authors contributed to writing and presentation of the manu-
script.
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